Lichens have been widely used in biomonitoring studies. In this study, Cd, Cu, Pb and Zn concentrations in some foliose and fruticose lichens which are found in Samsun were investigated and the differences among the species in terms of trace element concentrations and possible interactions among heavy metals were also examined. The results of the present study show that the study area is polluted by Pb and Cd. The cadmium contamination levels were also higher than those of the other elements. The highest Pb (101.39 ppm), Cu (43 ppm) and Zn (67.60 ppm) levels were found in Physcia adscendes. In addition to this, Hypogymnia physodes is one of the foliose species and the best accumulator of Cd (245.73 ppm) as compared to the other species. Keywords: Biomonitoring, foliose lichens, fruticose lichens, trace elements. 
INTRODUCTION
Many plant communities are affected by dust deposition, so that community structure is altered (Farmer 1993) . Dust pollution may affect photosynthesis, respiration, transpiration and allows the penetration of phytotoxic gaseous pollutants. It is, therefore, important to assess the impact of dust deposition upon vegetation.
Lichens in particular have been widely used as trace element atmospheric biomonitors as they are widespread and capable of absorbing elements directly from the atmosphere and accumulating them in their tissues. Botanical materials such as fungi, lichens, tree, bark, tree rings and leaves of higher plants have been used to detect pollution (Huseyinova et al. 2009 ).
Recently, many papers have been published on heavy metal monitoring using lichens in many different geographic areas, (Olmez et al. 1985 , Bargagli et al. 1989 ) even antarctic regions Focardi 1992, Poblet et al. 1997) . Man-induced mobilization of trace metals into the biosphere has become an important process in the global geochemical cycling of these elements (Baslar et al. 2009 ). Lichens are a consortium of fungal and photosynthetic partners (algae and/or cyanobacteria), characterized by a notable sensitivity to environmental stress such as pollution and climatic changes. Thanks to this susceptibility, lichens are among the most widely used indicators of environmental quality and in particular of air pollution by phytotoxic gaseous substances (i.e. SO 2 and NOx) (Hawksworth and Rose 1970 , Markert 1993 , Van Dobben 2001 , Scheidegger et al. 2002 , Castello and Skert 2004 . Epiphytic lichen communities are affected by different ecological variables: atmospheric pollutants, chemical and physical properties of the substratum, eutrophication, light and water availability, and climatic factors. Epiphytic lichens have been traditionally used as bioindicators of atmospheric pollution because they show differential sensitivities to air pollution, i.e. the most sensitive lichen species tend to disappear from polluted areas whereas tolerant species thrive in areas with moderate pollution emissions. According to Sarret et al. (1998) , the absorbing capacity of lichens for different heavy metals is not based only on the entrapment of metal-rich mineral particles originating from atmospheric aerosols. These authors have demonstrated that Diploschistes muscorum (Scop.) R.Sant. accumulates Pb and Zn through an enhanced excretion of oxalate which precipitates the two metals and in Xanthoria parietina (L.) Th. Fr. Pb is complexed to the carboxylic groups of the fungal cell walls.
Lichens accumulate heavy metals to a very high degree, with concentrations reflecting environmental levels of these elements (Herzig et al. 1989 , Loppi et al. 2002 . According to Bennett and Wetmore (1999) , lichen monitoring is strongly speciesdependent. Aslan et al. (2004) stated metal absorbing capabilities of lichens are directly related to their anatomic structure. As the surface gets wider, lichens accumulate more metals. Other factors that increase metal uptake are wide intercellular space, high cell permeability, humidity, high amount of atmospheric pollutants, and thin upper cortex or no upper cortex. On the other hand, foliose lichens present a large contact surface for atmospheric pollutants (Scerbo et al. 2002) .
In addition to their use as accumulating organisms, lichens are employed as bioindicators of air pollution due to their high sensitivity to degraded environments (Liebendörfer et al. 1988 , Nimis et al. 1990 , Nimis et al. 1991 , therefore air quality can be assessed on the basis of the abundance of the most sensitive lichen species (Liebendörfer et al. 1988 , Herzig et al. 1989 , Nimis 1991 .
Although the crustose species may be used, if care is taken to remove the substrate, fruticose and foliose lichens are most often used in elemental content studies. The general efficiency of the accumulation of elements seems to be foliose >crustose>fruticose lichen species.
The study of lichens in Turkey is not as extensive as in other countries. So the lichen flora of Turkey is still largely unknown. If the lichen flora of Turkey is completely investigated and the different species identified, reliable results could be obtained about air and heavy metal pollutions according to species amounts, species diversity in different areas and pollutant values in the species (Aslan 2004) .
The main objective of this work is to determine Cd, Cu, Pb and Zn concentrations in some foliose and fruticose lichens which are found in Samsun city and to the causes that may affect the response of lichens used as bioindicators.
MATERIALS AND METHODS Study area
Samsun is located in the northeastern part of Turkey and is one of the largest cities of the Black Sea region. Most of lichen species were collected from different parts of Kocadag mountain. The two lichen species-Physcia adscendens (Fr.) H. Olivier and Physcia tribacia (Ach.) Nyl. were collected from the Carsamba district of the Samsun Province. Only Xanthoria parietina (L.) Th. Fr. was collected from the Sogukcam village, also in the district of Samsun Province. Selected lichen species were different from each other with respect to thallus types. Anaphtychia ciliaris (L.) Körb. ex A. Massal. , Ewernia prunastri (L.) Ach., and Pseudovernia furfuracea (L.) Zopf var. furfuracea is fruticose thallus type while other lichen species have foliose thallus type. Species were collected from trees, rocks and soil (Table 1) .
Lichen sampling and analytical procedure The study was conducted in July 2006. At each site a minimum of six lichen samples for each species was collected with a stell knife and approximately 2.0 g of lichens were collected for each species and from each locality. The specimens were stored in perforated plastic bags, manually cleaned of debris, soil, host plant bark, dried, and ground into a powder. They were not washed, in order to avoid the leaching of soluble particles (Nimis et al. 2001) . The samples were air-dried, accurately sorted, using a microscope to remove residual soil and other inorganic and organic material, then stored in a vacuum drier until Biomonitoring of Trace Elements with Lichens in Samsun City, Turkey Ekoloji Ekoloji analysis. The dry weight was determined on subsamples after bringing them to a constant weight at 70ºC in an oven. Then, 2g of the dried lichen samples were powdered and were extracted with a mixture of concentrated HClO 4 and HNO 3 (3:1). This digest was filtered through Whatman filter paper No.42. Concentrations of heavy metals (ppm/g dry wt) were determined by a Perkin Elmer 2280 atomic absorption spectrophotometer, using an air /acetylene flame (Allen et al.1986 , Kutbay and Kýlýnç 1991 , Pandey et al. 2002 . The following heavy metals were analyzed: Cd, Cu, Pb, and Zn.
Nomenclature of lichens followed that Purvis et al. (1992) and Wirth (1995) .
Statistical Analyses
To show the grouping of species in terms of heavy matal concentrations a principal component analysis (PCA) and average-linkage were performed by using the CAP 1.5 version (Henderson and Seaby 1999) software programmes. The first two axes of, the PCA are now the theoretical variables minimizing the total residual sum of squares among all possible choices of two explanatory variables (Jongman et al. 1995) .
A one-way analysis of variance (ANOVA) test and Pearson correlation coefficients were carried out by using the SPSS 10.0 version. Tukey's honestly significant difference (HSD) test was used to rank means following the analysis of variance by using the SPSS 10.0 version (Anon 1999). RESULTS The trace element concentrations measured in the lichen samples are reported in Table 1 .
The element displaying the highest average concentration in the lichen samples is Cd, while Cu is the least abundant. Metal concentrations were usually ranked in the order of Pb>Cd >Zn>Cu. However, there was a minor change in the order of Cu and Zn in the P. aipholia, P. stellaris, P. tribacia, P. distorta, R. farinacea and X. parietina. Interspecific differences were observed between the studied species in terms of Cd, Cu and Pb (Table 2) . No significant differences were found for Zn among the species, whereas there were statistically significant differences among species with respect to Cd, Cu and Pb concentrations (Table 3 ). Significant correlations were found between different element pairs except for Pb and Cd (Table 4) .
Data processing with a hierarchical clustering tecnique was performed using the Euclidian distance. From the resulting dendogram three clusters can be identified as shown in Figure 1 , where metals with similar distribution patterns are grouped. Cluster 1 include Pb. Cluster 2 included Cu and Zn, while Cluster 3 include Cd (Fig.1) .
The main loading factors in the first axis was Cd in the positive zone according to PCA analysis. However, Pb, Zn, and Cu followed an opposite behaviour in relation to other heavy metals and occurred in the negative zone. E. prunastri, H. physodes, H. tubulora, P. sulcata and P. praetextata occurred on the positive axis, while all of the other species occurred on the negative axis. Additionally, Cu and Zn concentrations were low as compared to Pb and Cd and occurred on negative axis. P. adscendens and P. stellaris had the highest Cu and Zn concentrations, respectively. These two species occurred on the negative axis compatible with Cu and Zn both of which occurred on negative axis (Fig. 2) . No: 75, 2010 are reported by Nieboer et al. (1978) . According to these authors the threshold values of Cd and Cu in lichen species are between 1-30 ppm and 1-50 ppm. Threshold values for Pb in lichens as given by Nieboer and others (Nieboer et al. 1978) are from 5 to 100 ppm while enhanced levels are above 100 ppm. However, Nieboer and Richardson (1981) lowered this limit and suggest that values of lead above 15 ppm should be considered enhanced in lichens. For Zn, enhanced levels in lichens are above 500 ppm (Nieboer et al. 1978) . Taking these values into account, the results of the present study show that the study area is polluted by Pb and Cd.
DISCUSSION Threshold values of the heavy metals in lichens
P. adscendens has the ability to accumulate Cu and Pb, whilst P. stellaris and H. physodes have accumulated Zn and Cd, respectively. It is well known that the deposition of Pb is mainly incorporated into street dust and in sites with an active dust resuspension Pb can also be associated with coarse particles. P. adscendens were taken from the Samsun-Trabzon highway and Pb is highly correlated with major traffic patterns. Cd has known to be associated with catalytic converters and auto exhaust (Zschau et al. 2003) . Zn arises mainly from atmospheric deposition and it is essential to plants and it could also be derived from vehicular traffic (Conti et al. 2008) . H. physodes specimens were taken form the slopes of Kocadag Mountain. The contribution of gasoline to atmospheric Pb is decreasing, while combustion of coal and petrol remain the principal sources of this toxic element in the environment. The contamination from this element is closely related to vehicle emissions and fuel combustion. As is known the use of unleaded gasoline has decreased the release of tetraethyl lead into the air, but contribution of vehicle emissions is stil high. Lead is also enhanced in regions with a marine influence. Although Kocadag, is far from the Centrum and sea its altitude is high, and the direction of the dominating wind blowing from the sea to land may be the caused of accumulation of Pb and other atmospheric pollutants in lichen species which were collected from this area. Additionally there are many small villages around Kocadag and it also known as a recreational area so that it is possible to see a considerable number of vehicles.
The highest Pb, Cu and Zn levels were found in the P. adscendes. This species was collected from the roadside, near the sugar plant in Carsamba. The high concentrations of trace elements in P. adscendens may be explained by the heavy traffic and sugar plant emissions. Similar result were found for Cu, by Onder and Dursun (2006) in needle samples of the Cedrus libani A. Rich collected near the sugar plant in Konya Province. The levels of Zn and Cu concentrations were all within threshold levels as defined by Nieboer et al (1978) . According to the dendogram of the studied lichens, Zn and Cu belong to the same group. A relationship between Cu and Zn is rather common in lichens, it may be due to antropogenic sources or metabolic interactions, since these two elements are essential for lichen metabolism (Brunialti and Frati 2007) .
The cadmium concentrations were also higher than those of the other elements except for lead. Atmospheric cadmium levels are probably enhanced by vehicle emissions as well, since diethyl-cadmium is used in the production of tetraethyl-lead. Cadmium is a by-product of Pb and Zn and is derived from fertilizers, coal burning and urban areas. Due to the use of diethyl-cadmium in the production of tetraethyl-lead and the natural presence of this metal in fosil fuels, petroleum included, it was thought that a relationship between atmospheric cadmium contamination and vehicle emissions could be feasible (Scerbo et al. 2002) . High Cd concentration in the studied species collected from Kocadag may be explained with coal burning near the study area. Additionally, the elevated concentrations of Cd may have been caused by the effects of high traffic density in spite the distance from the main traffic roads (Scerbo et al. 2002) .
It has been hypothesized that the corticulous species (grow on the branches and trunks of trees) would accumulate higher concentration of atmospheric elements because they are more exposed to a mixed atmosphere than the terricolous species (grow on soils or rocks) (Bennett and Wetmore 1999) . Higher heavy metal concentrations were found in corticulous species as compared to terricolous C. flaccidum, D. miniatum, P. praetextata and, X. conspersa in the present study. In addition to this, it has been emphasized that in the areas which the Mediterranean climate is seen, heavy metals may be originated from soil contamination (Cayýr et al. 2008) . Mediterranean climate is dominant in the study area (Kutbay and Kýlýnc 1995) and heavy metal acumulation in the studied species may partly due to soil contamination.
In the present study H. physodes, one of the foliose species is the best accumulator of Cd as compared to the other species. Similar results were found by Aslan et al. (2006) in Ordu province. In their study, the higher concentrations of Ca, Ti, Fe Ekoloji No: 75, 2010 and Ba were reported in H. physodes. The higher metal concentrations in H. physodes may be the result of a larger intercellular space in the medulla and cortex in this species (Aslan et al. 2006) . On the other hand, the highest Pb, Zn and Cu concentrations were found in the other foliose lichen species-P. adscendens. These findings were consistent with the studies of Alirzayeva et al's (2006) and Berlizov et al's (2007) . Although Scerbo et al. (2002) stated X. parietina was metallotolerant because of the protection mechanism described by Sarret et al. (1998) on Pb, which is complexed to the carboxylic groups of fungal cell walls and the trace element concentrations in X. parietina were lower in the present study. Similarly, Berlizov et al. (2007) who compared the elemental concentrations in two lichen species, reported that for most elements, the concentrations in P. adscendens are higher than in X. parietina. Despite all efforts, no lichen species could be found in the Samsun city center. This fact can be explained with the high sensitivity of lichens to atmospheric pollutants the metal content of lichens vary, and are parallel to changes in metal amounts in the atmosphere.
The data from our study support the hypothesis that the metal content of lichens is strongly speciesdependent as well as the location of the species (e.g. close to main traffic roads, or metal sources etc.) and based on the results of the present study, P. adscendens and H. physodes can be used safely in biomonitoring.
